Accepted for publication 20th May, 1994. All patients who receive a muscle relaxant before tracheal intubation during general anaesthesia experience a variable period of apnoea during laryngoscopy and tracheal intubation. Apnoea begins when mask ventilation is stopped prior to tracheal intubation and ends following intubation when ventilation is resumed. Apnoea may also occur during procedures such as bronchoscopy. Although healthy adolescents can usually tolerate a period of apnoea without becoming desaturated, infants may not. Newborns may become desaturated even before an uncomplicated .intubation can be accomplished. The purpose of this study was to examine the effect of age on time until onset of desaturation (apnoea time) following pre- oxygenation with 100% oxygen via mask ventilation in apnoeic, anaesthetized infants, children, and adolescents.
Methods
The protocol was approved by the Institutional Review Board, and informed written consent was obtained from parents. Patients were stratified into one of five study groups according to age. Group I, 0-6 mo; Group II, 7-23 mo; Group III, 2-5 yr; Group IV, 6-10 yr; and Group V, I l-18 yr.
No premedication was given. Anaesthesia was induced with oxygen and halothane via mask in 47 children with intravenous barbiturates in 13 patients. After placement of an intravenous catheter, vecuronium 0.1 mg-kg-t was administered. Manual ventilation via mask was continued via a semi-closed circle system with 100% O2 for at least two minutes following paralysis. Oxygen saturation was measured by Nellcor| pulse oximeter set in mode 1. Appropriate size oxisensors (Nellcor~ No. N-25 for infants and No. D-20 for children and adolescents) were used. End-tidal nitrogen (Nz) was measured by placing the end of the sampling tube of a mass spectrometer (SARA| system -Allegheny International Medical Technology) under the mask near the nostril. The face mask was removed when end-tidal N2 was < 3 % (after manual ventilation for at least two minutes). No attempt was made to alter the position of the patient's jaw or head. The time between removal of the face mask and a decrease in SpO2 from 99-100% to 90% (onset of desaturation/ apnoea time) was measured. Manual ventilation was then resumed. The trachea was intubated when SpO2 > 98% was restored.
The relationships between the time to onset of desaturation and the patient's age and weight were analyzed by linear regression analysis, and the fit characterised by the correlation coefficient r 2. Equality of the correlation coefficient was investigated by Fisher's z-transform, and differences between mean apnoea times for different age groups by the two-sample t test. Values are presented as the mean 4-SD. 
Results
Fifty ASA physical status I patients, ranging in age from two days to 18 yr, were studied. Ten patients were ineluded in each group. Results are summarized in the Table. All patients had an SpO2 of 99-100% at the start of apnoea. Scatter-plots were drawn of the duration of apnoea before onset of desaturation vs age ( Figure 1 ) and weight (Figure 2 ). Close correlations were found between age and the time to onset of desaturation (r 2 ----0.88, P < 0.0001) and between weight and duration of apnoea (r 2 = 0.77, P < 0.0001). After reinstitution of manual ventilation, SpO2 values continued to decline briefly in all patients before an upward trend was observed. The lowest SpO 2 value observed in our study was 83%. No arrhythmias or bradycardia were observed.
Discussion
Oxygen desaturation is relatively common in children undergoing general anaesthesia. In an apnoeic patient, the time to desaturation depends on the adequacy of preoxygenation, functional residual capacity (FRC) of the lungs, and oxygen consumption of the body. There is no agreement in the paediatric anaesthesia literature concerning the optimal duration or method of preoxygenation. Videira et al. I concluded that a three-minute period of preoxygenation maintained SpO2 at a safe level for a longer time in children than a one-minute pre-oxygenation. In adults, preoxygenation at normal tidal volumes for three minutes leads to the same PaO2 values at the time of tracheal intubation as those achieved after similar breathing of 100% oxygen for five minutes. 2 Although healthy adult patients undergoing routine anaesthetic induction receive adequate protection against hypoxaemia with four maximal inspirations of oxygen, patients in whom a prolonged period of apnoea might occur after induction of anaesthesia should probably breathe oxygen for at least three minutes before the administration of anaesthetic drugs. 3 Paediatric patients have smaller FRC in relation to closing volume and a relatively greater oxygen consumption rate than adults. The time to desaturation is, therefore, likely to be less in children than in adults. In infants undergoing rapid-sequence induction following preoxygenation, desaturation is not uncommon during laryngoscopy and intubation in spite of preoxygenation. The FRC in children correlates well with height, weight, and age; but there is no difference in FRC between the sexes.4-6 The ratio of FRC to body weight increases with age. [4] [5] [6] reported that the ratio of FRC to body weight was 17 5:4 ml-kg -I in infants and 24 + 6 ml-kg -I in children more than one year of age. Oxygen consumption is relatively greater in younger than in older children. 7-9 Oxygen saturation decreases more rapidly in infants and children than in adults because the oxygen supply in the former is smaller, as a result of low FRC and higher rate of oxygen consumption.
Determination of the safe apnoeic period following preoxygenation (i.e., the time until oxygen saturation decreases to 90%) is particularly critical in a patient who must undergo emergency surgery shortly ffter ingestion of food. To avoid gastric distension, mask ventilation is avoided. The trachea is intubated as soon as the patient is judged to be adequately anaesthetized and muscle relaxation complete. Based on their study of 61 patients between one month and 12 yr of age, Kinouchi et al. ~o concluded that SpO2 decreases to 95% more quickly in younger than in older children. In their study, the trachea was intubated after paralysis with vecuronium, and the lungs were manually ventilated. Apnoea was started by disconnecting the breathing circuit from the endotracheal tube. We initiated apnoea by removing the mask from the patient's face before intubation, because such a process more closely simulates the clinical situation during rapid-sequence induction.
The true importance of each desaturation incident depends on the duration of desaturation, level of SpO2, and the health of the patient. It is often difficult to evaluate the clinical importance of a brief, single SpO2 of 85%. Cot6 et al. defined "major" events as those in which oxygen saturation was <85% for >--30 see; "minor" events as SpO2 < 85% for <30 sec. Jl,~2 We chose a cutoff limit of 90% because many other recent studies have defined a saturation of <90% as hypoxaemia or as significant desaturation. [13] [14] [15] In healthy anaesthetized apnoeic adults, oxygen saturation decreases to 90% in 364 sec; in obese adults, desaturation occurs in 163 sec. t6 By comparison, in infants and children (two days to ten years) desaturation occurs in 96-214 sec.
In conclusion, the results of this study confirm the clinical impression that infants and children become desaturated more raidly than adolescents. In infants, the time to desaturation may be so short as to allow only one attempt at intubation. If the first intubation attempt is unsuccessful, such patients may require mask ventilation. Time to onset of desaturation following ventilation with 100% oxygen increases with age among the paediatric surgical patients.
